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During online hemodiafiltration, patients are directly infused
with sterile substitution solutions to maintain fluid balance.
Adequate water treatment and a well-organized quality
control process are essential to provide non-pyrogenic fluids
with consistent optimal quality. We sought to assess water
quality, the water treatment system, and the methods for
surveillance of microbiological water quality in 10 Dutch
dialysis centers that routinely treat patients with
hemodiafiltration. Microbiological monitoring results (micro-
organisms and endotoxins) were collected over a 1-year
period representing 11,258 hemodiafiltration sessions
covering 97 patients. In all centers, water purification was
based on a reverse osmosis module in combination with a
second reverse osmosis and/or an electrodeionizer. All centers
regularly and routinely monitored the microbiological purity
of the dialysis water with adequate analytical methods but
with variable monitoring frequency. Microbiological
assessments were compliant with reference quality levels in
3923 of 3961 samples. Our study suggests that non-pyrogenic
substitution fluids can be produced online for a prolonged
period of time. It is likely that the current Dutch Quality of
Care Guideline has contributed to high-quality water
treatment and a well-organized control process.
Kidney International (2009) 76, 665–672; doi:10.1038/ki.2009.245;
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Convective dialysis strategies such as online hemodiafiltra-
tion (HDF) are increasingly used as the dialysis modality of
choice because of their suggested clinical benefits.1 During
online HDF, convective solute removal is increased by
filtering considerable amounts of plasma water through the
dialyzer. At the same time, sterile substitution fluids are
infused directly into the bloodstream to maintain fluid
balance. These substitution fluids are manufactured online
from the municipal water supply after multiple steps of water
purification and ultrafiltration, as depicted in Figure 1.2,3
As large volumes are administered during each treatment,
delivery of sterile and non-pyrogenic substitution fluids
should be guaranteed for prolonged periods of time with
persistent optimal quality. Monitoring of the microbiological
purity of the water is therefore an essential part of the quality
control process. Hence, samples should be drawn routinely
and regularly from strategic points in the fluid path of the
water treatment system for determination of microorganism
and endotoxin levels. For standard hemodialysis in Europe,
the maximum contamination level for dialysis fluid has been
defined by the European Pharmacopoeia as o100 colony
forming units (CFU)/ml and o0.25 endotoxin units (EU)/
ml.4 In contrast, dialysis fluid for HDF should be ultrapure,
defined as o0.1 CFU/ml and o0.03 EU/ml.5–8 Substitution
fluids are produced by ultrafiltration of ultrapure dialysis
fluids, using a filter with a logarithmic reduction value X6
for microorganisms.9 The reference quality levels for dialysis
solutions are summarized in Table 1.
No specific international guidelines are currently available
on how to maintain a persistently high quality of dialysis
solutions for online HDF. Therefore, the Dutch Quality of
Care Guideline on ‘Water treatment for hemodialysis and
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online HDF’ has been developed.8 This guideline defines the
basic requirements for the configuration of a water treatment
system when used for online convective therapies and
describes the analytical methods and frequency of micro-
biological monitoring of the water purity.
The aim of this study was to assess the water quality for
online HDF in a sample of Dutch dialysis centers that
routinely treat patients with online HDF. In addition, we
assessed the configuration of the water treatment systems in
these centers and evaluated methods for surveillance of
microbiological water quality, in comparison with the current
Dutch guideline.
RESULTS
Water treatment systems
The water treatment systems were constructed between 1999
and 2006. Pretreatment of municipal water was comparable
in all centers and included downsizing microfilters and two
parallel water softeners. In two centers, an activated carbon
filter was installed. Nine centers were equipped with a double
reverse osmosis (RO) module. One center combined a single
RO module with an electrodeionizer (EDI) (Table 2). In
addition, five centers used ultraviolet disinfection. The
distribution loop was disinfected with heat in seven and
with ozone in three centers, with a median frequency of 4
(range 2–7) times per week (Table 2). In five centers, the
machines were connected to the distribution circuit by a
double-lumen connecting tube.
A total of 174 dialysis machines were used for online HDF
(61 4008/5008 ONLINE machines (Fresenius Medical Care,
Bad Homburg, Germany), 83 AK100/200 ULTRA (Gambro
AB, Lund, Sweden), and 30 DBB05 (Nikkiso, Tokyo, Japan)).
All dialysis machines were heat disinfected after each
treatment. In addition, the machines were chemically
disinfected with citric or peracetic acid at least once on each
treatment day. Only bicarbonate powder cartridges were
used. Ultrafilters on the dialysis machines were replaced
after 2 months (U8000S, Gambro AB, for AK100/200 ULTRA
systems), 3 months (DIASAFE plus, Fresenius Medical
Care, for 4008/5008 ONLINE systems), or after 750
operational hours (that is, approximately 2 months, EF 02,
Nikkiso, for DBB05 systems), according to the manufac-
turers’ instructions.
All centers complied with the Dutch Guideline regarding
the technical design of the water treatment system, distribu-
tion circuit, and use of appropriate dialysis machines.
Microbiological monitoring
Dedicated persons (that is, a specifically trained dialysis
nurse, medical analyst, or dialysis technician) were respon-
sible for sampling under aseptic conditions. Median sample
volumes were 100ml (range 10–1000ml) for purified water
and 500ml (300–1000) for the ultrapure dialysis fluid. All
centers applied a membrane filtration technique for the
ultrapure dialysis fluid cultures, using a microfilter with pore
size 45 mm (22–45).
Tryptone glucose extract agar media were used in six
centers and Reasonar’s 2 agar media in four centers, with a
median culture time of 7 days (5–7) incubated at room
temperature. In one center, cultures were incubated at 371C
instead, which has been shown to underestimate the bacterial
contamination levels of dialysis solutions.10 All centers used
limulus amoebocyte lysate (LAL) assays for determination of
endotoxins (chromogenic method in seven centers and gel-
clot method in three centers). These analytical methods
complied with the guideline. In one center, the detection
limit of the LAL assay (0.125 EU/ml) was higher than the
quality level of ultrapure dialysis fluid (0.03 EU/ml), which
may have resulted in an underestimation of endotoxin levels.
Cultures and endotoxin tests were performed in the local
hospital by the Departments of Pharmacy and/or Medical
Microbiology.
Sampling sites and corresponding monitoring frequencies
are listed in Table 3. Purified water was monitored in all
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Figure 1 |Online production of substitution fluid. Sampling
sites of dialysis solutions: (1) entry distribution circuit (purified
water), (2) machine-feeding water (purified water), (3) exit
distribution circuit (purified water), (4) ultrapure dialysis fluid, and
(5) substitution fluid. Online production of substitution fluids
consists of water pretreatment, water purification, a well-designed
distribution circuit for the delivery of purified water to the dialysis
machines, and several ultrafiltration steps on the dialysis
machine.2,3 Water pretreatment involves downsizing microfilters,
water softener(s), and, in some cases, an activated carbon filter.
Softeners mainly remove calcium and magnesium from the water.
Activated carbon filters remove chlorine and chloramines. The
purification system is based on one or two reverse osmosis (RO)
modules and/or an electrodeionizer (EDI). The RO modules
remove most ions and virtually all organic compounds, including
bacteria, viruses, and pyogens; an EDI removes mostly inorganic
ions. The water distribution circuit should be designed as a loop
system, constructed from stainless steel or appropriate synthetic
materials, and should be disinfected regularly by ozone, heat, or
chemicals. Storage tanks or dead ends within the circuit should be
avoided. Continuous high-speed flow of water minimizes the risk
of biofilm formation. All approved dialysis systems incorporate at
least two ultrafilters, which are regularly replaced. Some dialysis
systems contain a third ultrafilter ( ). After the addition of acid
and bicarbonate concentrates (A and B), the purified machine-
feeding water is ultrafiltered to produce the ultrapure dialysis
fluid. A final ultrafiltration step provides the substitution fluid. All
manufacturers guarantee the sterility of the substitution fluid,
provided that the machine-feeding water (sampling site 2)
contains o100 CFU/ml and o0.25 EU/ml. CFU, colony-forming
units.
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centers and ultrapure dialysis fluid was monitored in eight
centers (centers 1–7 and 10). Although not required by the
guideline, machine-feeding water was monitored in four
centers (centers 3, 4, 6, and 9) and substitution fluid was
monitored in three centers (centers 7, 8, and 9). Monitoring
frequency varied between centers. Four centers had a more
intensive monitoring schedule (centers 3, 4, 5, and 7) and
two centers clearly had a less intensive monitoring schedule
(centers 8 and 10) in comparison with the guideline.
Water quality
In total, microbiological assessments during the 1-year study
period were compliant with the reference quality levels in
3923 out of 3961 samples (99.0%). Bacterial counts were very
Table 1 | Reference quality levels for dialysis solutions for hemodialysis (HD) and hemodiafiltration
Microorganisms (CFU/ml) Endotoxins (EU/ml)
Standard HD
Purified water o100 o0.25
Dialysis fluid o100 o0.25
Online hemodiafiltration
Purified water Sampling sitea: 1, 2, 3 o100 o0.25
Ultrapure dialysis fluid Sampling sitea: 4 o0.1 o0.03
Substitution fluid Sampling sitea: 5 o106 o0.03
CFU, colony-forming units; EU, endotoxin units. Adapted from references: European Directorate for the Quality of Medicines4, Ledebo and Nystrand5, Lonnemann6, Canaud
et al.,7 Dutch Federation of Nephrology – Water Committee.8
aSee Figure 1 for the location of the sampling sites.
Table 2 | Characteristics of water purification system and distribution circuit
Water purification Distribution circuit
Center RO (first) RO (second) EDI UV Type Disinfection method Disinfection frequency
1 + +   Polyethene Heat 7 per week
2 + + + + Polyethene Ozone 3 per week
3 + +   Stainless steel Heat 3 per week
4 +  + + Polyethene Heat 7 per week
5 + +   Stainless steel Heat 4 per week
6 + +  + Polyethene Ozone 3 per week
7 + +   Polyethene Heat 2 per week
8 + + + + Polyethene Ozone 2 per week
9 + + + + Stainless steel Heat 7 per week
10 + +   Polyethene Heat 7 per week
EDI, electrodeionizer; RO, reverse osmosis module; UV, ultraviolet disinfection; UF, ultrafiltration. The components of the water purification system are placed in series. All
centers with ozone disinfection use UV treatment for ozone breakdown. UV disinfection was located at the entry (in centers 2 and 4) or exit (in centers 8 and 9) of the
distribution loop, or both (in center 6).
Table 3 |Microbiological monitoring frequency of dialysis solutions for online hemodiafiltration, according to the Dutch
guideline and as performed by the centers
Type of water Purified water Purified water Purified water Ultrapure dialysis fluid Substitution fluid
Sampling site location Distribution loop entry Machine-feeding water Distribution loop exit Dialysis machine Dialysis machine
Sampling site no.
(Figure 1) 1 2 3 4 5
Dutch guideline8 Monthly — Weekly/monthlya Monthly —
Center
1 Monthly Weekly/monthlya Monthly —
2 Monthly 2 per month Monthly —
3 Monthly Monthlyb Weekly/monthlya Monthly —
4 Monthly Monthlyc Weekly Monthly —
5 Weekly Weekly Monthly —
6 Monthly Monthly Monthly Monthly —
7 Monthlyd — Weekly Monthly Monthly
8 Monthly — Monthly — Yearlyc
9 — Monthly Weekly — Monthly
10 Once per 3 months — Once per 3 months Once per 3 months —
Monitoring frequency is similar for microorganisms and endotoxins, except for:
aWeekly: microorganisms and monthly: endotoxins.
bRandom selection of three different machines.
cOnly microorganisms, no endotoxins.
dFixed-point halfway distribution loop, instead of distribution loop entry.
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high in 6 of the 685 purified water samples (0.9%), in 8 of
1185 ultrapure dialysis fluid samples (0.7%), and in 4 of 193
substitution fluid samples (2.1%). Endotoxin levels were very
high in 2 of 663 purified water samples (0.3%), in 14 of 1058
ultrapure dialysis fluid samples (1.3%), and in 4 of 177
substitution fluid samples (2.3%) (Figure 2). Contamination
of purified water and ultrapure dialysis fluid samples did not
occur simultaneously and was equally distributed over the
centers and study period. In all incompliant cases, new
samples were collected to repeat microbiological cultures or
endotoxin tests. Contamination was not confirmed in any of
these repeated samples. When purified water samples were
incompliant (n¼ 8), HDF was temporarily discontinued in
the unit (n¼ 5), or no action was taken (n¼ 3), in addition
to repeated microbiological tests. When dialysis fluid samples
were incompliant (n¼ 22), the machine was removed
temporarily (n¼ 16, that is, 9% of all dialysis machines per
year), and only HDF was temporarily stopped (n¼ 3), or no
action was taken (n¼ 3), in addition to repeated micro-
biological tests. No pyrogenic reactions were reported during
11258 HDF sessions in 97 patients.
Impact of water treatment system on quality of purified
water
The bacterial contamination level of purified water was below
0.1 CFU/ml in 82.8% of the samples. Water quality in the
center with a single RO (in combination with an EDI and
ultraviolet disinfection) was not worse (90.6% o0.1 CFU/
ml) than in centers with a double RO (80.2%o0.1 CFU/ml).
We did not analyze this statistically, as only one center was
equipped with a single RO module (Table 2, center 4). In
centers with an EDI, 85.9% of the cultures were below
0.1 CFU/ml compared with 77.4% in centers without an EDI
(Figure 3, P¼ 0.004). Ultraviolet disinfection, type of
material of the distribution circuit, and disinfection methods
did not have any impact on the microbiological water quality
(Figure 3).
DISCUSSION
This study shows that ultrapure dialysis fluids can be
produced online for a prolonged period of time and with
persistent adequate quality. For online HDF, these ultrapure
dialysis fluids are subject to an additional ultrafiltration step
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Figure 2 |Proportions of samples meeting reference quality levels in the participating centers during the 1-year follow-up period.
BDL: below detection limit; CFU: colony-forming unit; LAL: limulus amoebocyte lysate; EU: endotoxin units. The detection limits varied
according to the sampling volume. #Detection limits ranged from 5 104 CFU/ml to 5 105 CFU/ml (sample volumes 2–20 l), which was
higher than the reference quality level (that is, 106 CFU/ml). To comply with the reference quality level, sample volumes up to 1000 l would
be required. Therefore, the proportion of cultures complying with the reference quality could not be calculated.
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to provide substitution fluids that are used for infusion.
Although the microbiological quality of substitution fluids is
usually not measured in routine clinical practice, the absence
of any adverse reaction in HDF patients during the study
period strengthens the idea that the substitution fluids were
non-pyrogenic. Probably, the current Dutch Quality of Care
Guideline contributed to high quality water treatment and a
well-organized control process in all 10 participating centers.
The quality of purified water in this study was much better
than in several other studies in which water quality for online
HDF was evaluated.11–13 In two studies, a low-grade
contamination of the machine-feeding water (purified water)
was reported in a large proportion of the samples, with mean
contamination levels of 33 and 68CFU/ml.11,12 Another
study observed contamination levels above 100CFU/ml in
15–20% of the samples.13 Water purification methods were
not described in these studies. In comparison, in this study
more than 80% of the purified water samples were below
0.1 CFU/ml and only 0.9% of the samples contained more
than 100 CFU/ml. It is noted that despite the much lower
quality levels of purified water in the studies mentioned
above, sterile substitution fluids were obtained after two
ultrafiltration steps.13–15 In a single center evaluation of a new
water treatment system, composed of a double RO module
with weekly thermal disinfection of the distribution loop, the
quality of purified water was slightly better than in this study.
In that study, only 0.48% of the samples contained more than
100CFU/ml and 93.3% of the samples were below the
detection limit.16
In this study, no pyrogenic reactions were encountered in
more than 11,000 HDF sessions, indicating that online HDF
executed as described in this paper is a safe dialysis technique.
Within the last 10 years, three studies have specifically addressed
patient safety of online HDF, analyzing in total more than
30,000 HDF sessions.13–15 Two of these studies also did not
report any pyrogenic reaction.13,14 The third study reported six
pyrogenic reactions in 19,200 sessions,15 which was lower than
that reported for standard low and high flux dialysis.17
All participating centers complied with the Dutch guide-
line with regard to the technical design of the water treatment
system, distribution circuit, and use of approved dialysis
machines. The guideline recommends water purification by a
double RO module, as there is some indication that
microbiological water quality after purification with a single
RO does not often comply with the reference quality level for
purified water (that is, o100 CFU/ml and o0.25 EU/ml,
Table 1).18,19 Moreover, considerable biofilm formation in the
piping system has been observed with water treatment
systems based on a single RO module.20 In our study, nine
out of 10 centers were equipped with a double RO system,
resulting in adequate water quality. However, the water
quality in the center with a single RO (center 4) was not
inferior to the water quality in the centers with a double RO.
Hence, on the basis of these results, the added value of a
second RO module in the presence of an otherwise well-
designed water treatment system is questionable. Our data
further suggest that the addition of an EDI to a water
treatment system improves the water quality, which is in
agreement with an earlier observation,18 but in conflict with
another study.19 Although an EDI is mainly used for removal
of ions from the water supply, its bactericidal effects may
be explained by extreme pH changes. Furthermore, we found
no effects of type (thermal or ozone) and frequency
(2–7 times per week) of disinfection on the water quality.
However, these results should be interpreted with caution, as
a limited number of centers was evaluated in our study,
which did not allow for multivariable analysis to assess
the impact of components of water treatment systems on
water quality.
In addition to the impact of the water treatment and
distribution system on water quality, the dialysis machine
itself is a potential source of contamination.13,19 Water
stagnation in the machine and elevated temperatures (water
heated to 361C) favor microbiological growth and biofilm
formation in the tubing of the dialysis system.19,21 Moreover,
liquid bicarbonate concentrate is recognized as a potential
source of contamination, which can be avoided by using
bicarbonate powder cartridges. Apart from that, biofilm
formation in the connection tube between the distributing
circuit and dialysis machine may contaminate the machine-
feeding water. A double lumen tube, which was used in five of
the centers, provides continuous flow and may reduce this
risk. Regular disinfection of the complete flow path to
minimize biofilm in the tubing system is recommended,
although the impact of disinfection methods on water quality
has not been studied.
The monitoring frequency and sampling sites were highly
variable between the centers. The Dutch guideline recom-
mends weekly bacterial monitoring of the distribution circuit
exit (sampling site 3, Figure 1), but only six of the 10 centers
complied with this recommendation. On the other hand,
monitoring of the machine-feeding water is not recommended,
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Figure 3 | Effect of components of water treatment systems on
microbiological quality of purified water. EDI, electrodeionizer;
RO, reverse osmosis; UV, ultraviolet disinfection. wLow disinfection
frequency of the distribution circuit: o4 times per week. zHigh
disinfection frequency of the distribution circuit: X4 times per
week. The number of RO modules was not statistically analyzed,
as only one center had a single RO module and all other centers
had a double RO module.
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but was performed in four of the centers. In agreement with an
earlier report,19 we found that the contamination of purified
water (sampling sites 1, 2, and 3, Figure 1) and ultrapure
dialysis fluid (sampling site 4, Figure 1) did not coincide. This
suggests that the sampling of purified water may be of limited
value. Substitution fluids were monitored in three centers.
However, compliance with the reference quality level for
substitution fluids (that is, o1 106 CFU/ml) sample
volumes up to 1000 l should be required, which is not practical
in clinical practice. Sample volumes in the three centers ranged
from 2–20 l, thus resulting in insufficient detecting limits and
an inconclusive interpretation of results.
This study was not designed to develop new or validate
existing guidelines. However, the data allow making several
recommendations on the design of water treatment systems
and the optimal frequency of microbiological surveillance. In
the first place, this study suggests that adequate water quality
can be produced with each of the water treatment systems as
described in the study. However, it is possible that a more
basic water treatment system might provide identical water
quality. The added value of a second RO module remains
unclear, but it is unlikely that a properly designed trial
comparing one and two RO modules on water quality or on
biofilm formation will ever be performed. Most likely, the
best available data will be obtained by large observational
studies. Nevertheless, such studies are needed to assess which
type of water treatment and disinfection is most cost-effective
and has the lowest environmental burden. Second, the
present data support the idea that microbiological surveil-
lance should be focused on ultrapure dialysis fluids (sampling
site 4, Figure 1). Upstream sampling (sampling sites 1, 2, and
3, Figure 1) should only be mandatory in case of abnormal
results, and may be valuable to locate a source of
contamination. Further downstream sampling, that is,
sampling of substitution fluids (sampling site 5, Figure 1)
is not practical in clinical practice and is therefore not
recommended. It is noted that a high monitoring frequency
may give a false feeling of security9 and is expensive. For
example, the estimated sampling costs of h1000 per dialysis
machine per year in center 1 would increase by 50% to h1500
per machine when the monitoring strategy of center 4 is
followed (Table 3, assuming h35 per LAL test and h30 per
culture). A monthly sampling frequency of ultrapure dialysis
fluids, as recommended by the Dutch guideline, is arbitrary
and should be a topic for debate.
Limitations and strengths
The Dutch guideline has been developed to guarantee a
sustained and adequate quality of dialysis solutions for HDF
in all Dutch dialysis centers. The guideline promotes
uniformity of water treatment and monitoring methods.
However, within the scope of the guideline, there are
differences in, for instance, water disinfection strategies or
analytical methods. As the centers participated on a
voluntary basis, this might have introduced a minor bias in
the results of this study.
All microbiological samples were obtained in aseptic
conditions to prevent contamination. Nevertheless, it is
conceivable that in this study a proportion of the incompliant
samples were false positive because of contamination during
the sampling procedure or processing. Although we did not
specifically evaluate the sampling procedures, it is possible that
variation in procedures among centers may have contributed
to apparent differences in water quality. Furthermore, all
centers used LAL assays for determination of endotoxins,
which are sensitive only to intact lipopolysaccharides. Hence,
endotoxins produced by waterborne bacteria, such as
Pseudomonas species, or bacterial DNA fragments remain
undetected. Recently, it was shown that with a novel bioassay,
an inflammatory response could be detected in approximately
10% of dialysis fluid samples that complied with the definition
of ultrapure when using a standard LAL assay.22 The role of
such bioassays for the quality control process of substitution
fluids is not yet clear, especially as in this study no pyrogenic
reactions were observed.
We are among the first to describe the quality control
process for online production of substitution fluids in
clinical practice. Although the importance of high water
quality for hemodialysis and HDF has been acknowledged,23
only a limited number of studies have been performed on
this topic. Our data may be of interest for health-care
specialists involved in convective dialysis modalities, to
further improve the quality control process and quality of
substitution fluids.
Conclusion
This study showed a sustained and adequate quality of
ultrapure dialysis fluids. Moreover, no pyrogenic reactions
were reported in HDF patients. This suggests that sterile and
non-pyrogenic substitution fluids for online HDF can be
ensured for a prolonged period of time, provided that
quality standards for water treatment systems and micro-
biological monitoring are satisfied. The current Dutch
Quality of Care Guideline on water treatment for HDF
may have contributed to the fact that all dialysis centers
under study had installed a high quality water treatment
system and had implemented a well-organized quality control
process. The frequency of microbiological monitoring and
the policy in case of contaminated samples were variable
among centers, which should be the subject of future
guideline development.
MATERIALS AND METHODS
Data collection
Ten dialysis centers (four of which were university medical centers)
volunteered to participate in this study, all taking part in the ongoing
Convective Transport Study (CONTRAST).24 These dialysis centers
were asked to fill out a questionnaire about the design of the water
treatment system and analytical methods and frequency of micro-
biological monitoring. The topics of this questionnaire were based on
the current Dutch guideline and are summarized in Table 4.
Furthermore, we collected all the microbiological monitoring test
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or ig ina l a r t i c l e EL Penne et al.: Microbiological water quality for online HDF
results of these centers from January 2007 to January 2008. The
microbiological monitoring results included bacterial contamination,
expressed as CFU/ml, and endotoxin levels, expressed as LAL
reactivity in EU/ml.25 Results from tests were based on center-specific
laboratory results rather than from a central laboratory as our
approach reflected the usual practice. Finally, we reviewed the policy
in case of sample contamination and assessed the occurrence of
pyrogenic reactions in patients on online HDF related to
contamination, that is, temperature 438.51C or chills, otherwise
unexplained, during the study period.
Data analysis
Results of microbiological tests of all sampling sites were reported as
percentages of the samples below the reference quality levels as
defined in Table 1. Data from all cultures and endotoxin tests of the
purified water (Figure 1, sampling sites 1, 2, and 3) were pooled.
To evaluate the impact of components of the water treatment
systems on microbiological water quality, we defined microbiolo-
gical quality as the proportion of samples of purified water with less
than 0.1 CFU/ml. These samples were categorized according to the
configuration of the water treatment system: (1) number of RO
modules (one or two), (2) EDI (yes/no), (3) ultraviolet disinfection
(yes/no), (4) material of distribution loop (stainless steel/poly-
ethene), (5) disinfection method of distribution loop (ozone/heat),
and (6) disinfection frequency of the distribution loop (o4 times
per week orX4 times per week). For each category, the proportion
of samples o0.1 CFU/ml was assessed.
The differences in proportions between groups were statistically
evaluated using w2-tests. A two-sided P-valueo0.05 was considered
as statistically significant. We used SPSS software (version 16.0.1;
SPSS Headquarters, Chicago, IL).
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